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Introduction
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Our planet’s wonderful weather can have a significant impact on our lives. Warm rays of sunshine on a spring day can instantly lift anyone’s mood, whereas a cold winter’s rain can make moving around treacherous. The weather can also be highly dangerous, from tossing planes around the sky to turning roads into rivers. No matter how the weather impacts us, it is amazing to think it is created by throwing together a few basic weather ingredients. Just small changes in temperature or water content can be the difference between a bright sunny day, thick fog, or torrential rain.

In this book you will be taken on a journey to explore how the weather is made. We will begin by gathering together the basic ingredients, which are all found within the atmosphere that wraps around the Earth. We will then mix some of these ingredients together to create some amazing weather, such as wind, clouds and rain. Once we have mastered the basics, we will take a step back and look at some of the key weather patterns that you may encounter. Some of these weather patterns can be a major source of miserable weather, whereas others bring with them endless sunshine.
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Let’s begin by exploring where all the weather is mixed together, which means taking a trip through the atmosphere. 


The Weather Machine
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When you step outside on a nice sunny day, it may come as a surprise to learn that there is a huge weather machine above your head. This weather machine is better known as the Earth’s atmosphere, and without it, there would be no weather to talk about. Although the atmosphere stretches up to the boundary of space, almost all our weather is made in the tiny section near the surface.
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The atmosphere is like a big blanket of air that surrounds the Earth, which is made up of several layers. To understand why most of our weather is found closer to the surface, we need to go for a ride in a hot air balloon. A nice warm sweater will be required for this journey, as changes in temperature play an important role in the weather machine we will travel through.

Troposphere


The first layer of the atmosphere that we will travel through is called the troposphere, which begins at sea level. The average temperature at sea level is about 15ᵒC (59ᵒF). Many places around the world have warmer or colder surface temperatures, but this makes very little difference to the conditions we will find higher in the atmosphere. As we start going up in our hot air balloon, the air temperature will begin to cool, reducing at about 2ᵒC for every 1,000 feet that we go up (4ᵒF per 1,000 feet).
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If we paused at 10,000 feet (2 miles) above the Earth’s surface, we would find the air temperature would have reduced to about -5ᵒC (23ᵒF). It’s a little cool, but with your warm sweater, you won’t have too many issues here. But we still have a lot more atmosphere to rise through. At about 36,000 feet (7 miles above the Earth), you can wave to passing airliners, and here you will find your sweater will struggle to keep out the cold, as the temperature is a very chilly -56.5ᵒC (-70ᵒF). As we continue to move higher, you will be pleased to know the temperature stops reducing and remains steady (at about -56.5ᵒC/-70ᵒF). This abrupt halt in the temperature change means we have reached the top of the troposphere, known as the tropopause. There are no signs in the sky to say we have reached this key point in the atmosphere, but we will see later that the tropopause effectively acts as a lid on any weather below.
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The troposphere is where we spend most of our time in this book, as the vast majority of weather occurs within this layer of the atmosphere. On average the troposphere goes up to about 36,000 feet, but just like the surface temperature is not always 15ᵒC (59ᵒF), the top of the troposphere (tropopause) also varies.
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In cooler areas, such as near the poles, the surface temperature is much colder, which means the air is denser. When the air is denser, it simply means the air molecules are closer together. If we went up in our hot air balloon in this cooler, denser atmosphere, we would arrive at the tropopause much sooner, typically around 20-30,000 feet. The opposite occurs if we are in warmer areas, such as near the equator. With warmer surface temperatures, the air is less dense (air molecules are spaced further apart), so it will take longer to reach the tropopause, which is found around 50-60,000 feet. The different tropopause heights are important, as they affect how tall monster storms can grow. Interestingly, the temperature at the tropopause over the equator will also be a lot colder than normal. This may sound odd, but it is due to the air being able to continue to cool for a much greater vertical distance. So even though the surface temperature is sizzling hot near the equator, the tropopause temperature can be around -80ᵒC (-112ᵒF).


Stratosphere


The view from the tropopause will be impressive, but we have a long way to go until we reach the top of the atmosphere, with the next layer called the stratosphere. The temperature in the lower part of the stratosphere will remain steady as we go up (at about -56.5ᵒC / -70ᵒF). Passing 60,000 feet, we will begin to thaw out a little, as the temperature starts to increase. The temperature will continue to increase up to the top of the stratosphere, which is known as the stratopause. The stratopause is at a lofty 160,000 feet above the Earth’s surface (30 miles), where we will find the temperature is a relatively warm 0ᵒC (32ᵒF).
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You probably did not spot too much weather as we went up through the stratosphere, apart from a few thin clouds made of ice crystals. But one interesting feature that is found here is the ozone layer. The ozone layer is very important for life on Earth, as it protects us from harmful ultraviolet radiation (UV) from the sun. One of the reasons for the increase in temperature in the stratosphere is the absorption of UV radiation. The ozone layer usually sits in the lower part of the stratosphere, although its thickness and extent can vary.


Mesosphere


Although it is almost warm enough to take off your sweater at the stratopause, it is probably best to keep it on, as the temperature is about to plummet again. The next layer in the atmosphere that we will pass through is called the mesosphere, where the temperature reduces again. The mesosphere goes up to about 300,000 feet (mesopause), where the temperature is a very cool -90ᵒC (-130ᵒF). In this area we might need to dodge the odd meteor, as it’s around here that they normally burn up as they hurtle towards Earth.
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We are still nowhere near the top of the atmosphere, with two very thick layers remaining – the thermosphere and exosphere. These layers are not particularly important for our weather journey, so before you catch a cold, let’s head back down to the surface and explore some of the basic ingredients needed to make our wonderful weather.  



Hot or Cold

[image: ]


The temperature of the air outside can have a big impact on your day. Do you need a thick sweater to keep out the cold, or will you be melting in the blazing heat? It’s not just your comfort levels that the temperature will affect, but also many of the weather conditions that you may bump into. A temperature change of just a few degrees can be the difference between gloomy fog and a clear day. On a larger scale, when areas of cold and warm air slam into each other, some very intense weather can be created, such as torrential rain, freezing blizzards and raging gales.

Warming The Air


One of the main factors that influences the air temperature is the amount of solar energy bombarding your area (known as solar radiation). However, it may come as a surprise that the energy from the sun does not directly warm the air around you. We will come back to how the air is warmed shortly, but first, let’s begin by seeing what affects the amount of solar energy that reaches the surface.
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Your position between the poles and the equator plays a big part in the amount of solar energy that you can expect, which is known as your latitude. Due to the curvature of the Earth, latitude determines whether solar energy is concentrated or spread out over a given area. If you are in a high latitude area (e.g. near the poles), the incoming solar energy will be spread out, limiting the amount of energy the surface can absorb, leading to cooler temperatures. If you are in a low latitude area (e.g. near the equator), solar energy will be concentrated onto a smaller area, allowing for greater energy absorption, leading to warmer temperatures.
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Naturally the seasons will heavily influence air temperature, with summer providing more solar energy than winter. The extra solar energy during summer is not just the result of the longer days but also due to the area of maximum solar energy moving. During the Northern Hemisphere summer, the area of maximum solar energy shifts north of the equator, reaching its most northerly latitude of 23.5ᵒN around the 21st of June (this latitude is called the Tropic of Cancer). Even Northern Hemisphere areas where the sun does not travel directly overhead will experience more intense solar energy during this time.
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The area of maximum solar energy shifts south of the equator during the Southern Hemisphere summer, resulting in weaker solar energy in Northern Hemisphere areas (Southern Hemisphere areas will receive more intense solar energy). The most southerly position that the area of maximum solar energy reaches will be along the latitude 23.5ᵒS, which occurs around the 21st of December (this latitude is called the Tropic of Capricorn).



As solar radiation approaches the atmosphere, a number of things interfere with its journey to the Earth’s surface. Some solar radiation is absorbed by the ozone layer (primarily ultraviolet radiation), which is partly responsible for the general warming in the stratosphere. Some solar radiation is reflected off cloud tops and the Earth’s surface (e.g. snow, water) or scattered by particles in the air (e.g. dust, pollutants). On average about half of the solar radiation that starts off at the top of the atmosphere reaches the surface.
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The incoming solar radiation does not warm the air in the troposphere, but carries on to the Earth’s surface, which is then able to release its own energy (known as terrestrial radiation). The energy released from the ground has slightly different characteristics, allowing it to warm the air above, which is why we can say the troposphere is warmed from below. The ground warms the air above through three main processes: conduction, convection and advection.



Conduction is the transfer of energy through touch; for example, the warm ground touching the air above. Conduction from ground-to-air works reasonably well, but conduction from air-to-air is more difficult, making this process less effective in warming air higher in the atmosphere. Conduction is not only the transfer of warmth but cold as well. For example, a cold surface at night cools the air above, which is an important factor in the formation of fog.
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Convection helps transfer energy higher in the atmosphere, which is the movement of energy due to density change. When a warm surface warms the air above (through conduction), the air will expand, becoming less dense and rise. As it rises, it will carry its heat higher in the atmosphere. This is the same process that allows a hot air balloon to go up into the atmosphere.



The final process we need to consider is advection. Advection is the horizontal movement of air and plays an important role in many weather conditions. This horizontal movement is typically caused by the wind, and there are two main types:



Cold Advection: When cold air travels horizontally towards warmer areas, such as polar air traveling towards the equator. This process can create thunderstorms, hail and rain showers.



Warm Advection: When warm air travels horizontally towards colder areas, such as tropical air traveling towards the poles. This process can create low clouds, fog and drizzle.
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Variations in Surface Temperature

Large-scale energy transfer processes play an important role in the creation of the weather conditions around you. However, the temperature that you feel on a particular day can also be influenced by local factors:


Wind tends to even out large temperature variations. During a windy day, the cooler air at higher altitudes can be mixed with the warmer surface air, resulting in a cooler day at the surface. On a windless day, limited mixing occurs, resulting in higher daytime surface temperatures.



Cloud will result in cooler daytime temperatures but warmer nighttime temperatures. During the day, clouds will reflect incoming solar energy (bounce it back), but at night, clouds act like a blanket, trapping in heat. Cloud cover is important for the formation of fog or frost, as a cloudless night allows energy from the surface to be released, resulting in cooler nighttime temperatures.
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The type of surface in your area will also affect the local air temperature, including how the temperature changes during a 24-hour period. Different surfaces require a different amount of energy to warm up, known as their specific heat.
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